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This report  has been prepared by Northrop as  Contractor and 
statements r e f l e c t  views of the authors and do not  necessar i ly  
represent those of NASA-MS FC technica 1 pe rs onne 1. 
v i i  . 
STUDY TO DETERMINE PEENING STRESS PROFILE OF ROD PEENED 
ALUMINUM STRUCTURAL ALLOYS VERSUS SHOT PEENED MATERIAL 
OBJECTIVE 
The object ive of t h i s  program was to  determine the peening s t r e s s  
p ro f i l e s  af rod peened aluminum s t ruc tu ra l  a l loys  versus shot peened mater ia l  
t o  define the e f f ec t ive  depth of the compressed surface layer. 
INTRODUCTION 
This f i n a l  report  has been prepared in  accordance with the terms of 
NASA Contract NAS8-31563. 
through December 1975. 
pro f i l e s  were prepared and analyzed for  s i x  aluminum a l loys  ( 2 0 1 4 ,  2024,  2219,  6061, 
7075,  and 7 0 7 9 ) .  
It covers the work accomplished for  the period July 1975 
A t o t a l  of for ty- three rod peened and s i x  shot  peened 
The introduction of compressive surface stresses i n  metals to  improve 
fa t igue  propert ies  and reduce suscep t ib i l i t y  to  s t r e s s  corrosion is  a concept t h a t  
has been u t i l i z e d  fo r  a g rea t  many years (1, 2 ,  3, 4, 5 ) .  I n  the authors '  opinion 
shot peening has been proven t o  be the most cos t  e f f ec t ive  process for  introducing 
the desired compressed layer f o r  the vas t  majority of i ndus t r i a l  appl icat ions.  
Shot peening's major l imi ta t ions  a r e  tha t  po r t ab i l i t y  i s  l imited and i t  i s  a 
r e l a t ive ly  d i r t y  operation. 
A NASA developed process (U.S. Patent # /3 ,937 ,055)  ca l led  rod peening 
( 6 )  o f f e r s  an a t t r a c t i v e  a l t e rna t ive  to  shot peening for se l ec t ive  appl icat ions.  
I ts  advantages over shot peening are: 
1. Complete por tab i l i ty .  
2 .  Clean operating conditions. 
3. Develops deeper compressive layers.  
I ts  l imi ta t ions  are: 
1. Requires more operator judgement. 
2 .  Coverage is  slower fo r  large,  r e l a t ive ly  f l a t  areas.  
Rod peening u t i l i z e s  a bundle of radiused rods i n  a pneumatic gun i n  
place of the round a i r  propelled shot used i n  shot peening. In  other  aspects  
1 
the process parameters are analogous to shot peening, i.e., air line pressure, 
impingement geometry (rod tip radius vs. shot size) and time. 
The use of X-ray techniques for measuring residual stresses is well 
documented ( 7 ) .  
diffracted back at an easily determined angle which is primarily a function of 
lattice spacing, grain orientation and radiation wave length. Only grains 
having a certain orientation relative to the incident beam are able to reflect. 
By measuring the diffraction angle ( e )  and inserting this into the Bragg equation, 
the lattice spacing (d) for a given impingement angle ( * )  is calculated. 
lattice spacing for two or more impingement angles is used to celculate lattice 
strain. This strain can then be converted to stress. By progressively removing 
discrete layers and taking residual stress readings, a complete stress profile of 
a given part. can be determined. 
Basically, an X-ray beam impinging on a metallic surface is 
The 
If an entire layer is removed, the computed residual stress of each 
subsequent layer should be corrected by applying a thinning factor ( 8 ) .  
thinning factor compensates for the relaxation effect. In this program a 
"windowtf technique was employed for profiling. This involves progressively 
electropolishing within a 12.7mm(0.5 in.) diameter spot on the specimen. 
of no mathematical solutions available fo r  computing the thinning factor for the 
'Iw indow" t ec hn i que. 
The 
We know 
Our evaluation of the thinning factor situation indicated the following: 
1. The relaxation effect of the "window" technique 
would be considerably less than that for the 
entire surface area layer removal method. 
2 .  Formulation and verification of a thinning 
factor for the "window" technique would be 
costly and was considered beyond the scope 
of the program. 
3. The lack of a thinning factor does not negate 
the value of the profiles for comparison purposes 
within this study, (a) assuming that the relaxation 
in each case is reasonably constant and (b) recognizing 
that the calculated stress values are probably higher 




NASA supplied four sets of aluminum alloy specimens for residual stress 
profiling. 
page 17. 
A description of the sets is given below and suraaarized in Table I, 
1. - Set I - One rod peened 2014-T6 specimen 8nm(0.315 in.) 
thick by 24.9nm(OO98 in.) wide by 78.7mn(3 in.) long 
which was used for familiarization and setting up 
analytical procedures. 
identified by NASA. 
2. Set 11 - One saturated rod peened 7073-T652 forging 
section (identified as NASA 19-2) and one nonpeened short 
transverse 7075-T651 plate section. (Rod peening para- 
meters on page 8). 
3. Set 111 - Twelve 6.4mn(0.250 in.) thick by 76.2mn(3 in.) 
by 76.2mn(3 in.) specimens. 
alloys (2014-T651, 2219-T87 and 7075-T651); two rod tip 
radii, 1.143mn(0.045 in.) and l0778mn(0.O70 in.) and two 
air line pressures, 241N/m'{35 psi) and 345N/m (50 psi). 
Seven nonpeened blanks (two 2014-T651, two 2219-T87 and 
three 7075-T651) were supplied to Northrop for shot 
peening to a steel Almen intensity of 0.010A with 230 
and 330 shot. One 7079-T6 thick plate section with sur- 
faces that were as-machined and rod peened; as-rolled and 
rod peened, and as-rolled and double rod peened had been 
sectioned from the plate specimen described in reference 
6a, page 2 and shown in Figures 2A and 2B Ibid page 6, 
identified as "Spec. #iff and "Spec. 13". Rod peening 
had been accomplished with a Cleco B1-B gun, employing 
3.17mn(1/8 in.) diameter hardened steel rods having a tip 
2 radii of 1.778-3.3m(.070-.130 in.), 345N/m (50 psi) air 
pressure and the gun held in a vertical position at right 
angle to the surface of the plate. Saturation to an 
Almen intensity of .OllA had been indicated by the test 
on a steel Almen strip. The peening time had been 
doubled for the "double peened" area on the 57mm 
(approximately 2-1/4 in.) thick plate. 
The rod peening parameters were un- 
These represented three 
) 2 
3 
4. Set IV - Twenty-five 38.lm(1.5 in.) wide by 76.2mn(3 in,) 
These represented five alloys (2014-T651, 
-
long specimens. 
2024-T3, 2219-T87, 6061-T6, and 70750T651); two thicknesses, 
3.83mn(0.190 in.) and 6.35mn(0.250 in.); three rod tip radii, 
1.143mn(0.045 in.), 1.778m(0.070 in.) and 3.048m(0.120 in.) 
and four air line pressures 172N/m (25 psi), 241N/m (35 psi), 




Two X-ray diffraction units were used in the program. The Rigaku 
Strainflex (Figure 1) was the primary unit with the American Analytical Cor- 
poration (AAC) Fastress unit (Figure la) being used periodically for comparison 
purposes. The Rigaku Strainflex had a copper X-ray source with a nickel filter 
and was operated at 30KV and 10ma. 
size of 1.52m(0.060 in.) by 3.05mn(0.120 in.). 
diffractometer with two chromium X-ray sources with vanadium filters. 
operating parameters were 15KV and 60ma, the beam sizes were 1.02mn(0.040 in.) 
in diameter. 
The beam was collimated to a rectangular spot 
The AAC Fastress had a dual 
The 
All specimen thicknesses were measured prior to analysis. A position- 
ing fixture (Figure 2) was used for all sets 111 and LV specimens. 
allowed the same area to be measured during progressive profiling. 
accuracy and the correlation between the Rigaku Strainflex and the ACC Fastress 
were verified by periodically running stress-free aluminum powder specimens and 
preloaded tensile specimens on both units, per Northrop Specification (9). 
The fixture 
The 
The preloaded 7075-T6 tensile specimen and loading fixture are 
At the shown in Figure 3, 
267MPa (40 ksi) load level, both the Rigaku Strainflex and the ACC Fastress 
agree within 6.90(1) of 13.78MPa (2 ksi). 
considered optirnum because previous experience had shown that for axial strains 
the correlation between the Rigaku Strainflex, the ACC Fastress and the strain 
gage was linear, 
The specimen is strain gaged front and back. 
The 267MPa (40 ski) load level was 
Profiling: 
Both chem-milling and electropolishing (lo) were evaluated for pro- 
filing during the initial portion of the program (on specimen set S). 
4 
The chem-milling procedure is delineated bebw: 
1. Specimen thickness was measured. 
2. Specimen was dipped in chem-mill maskant (Butadiene 
styrene block copoylmer) four times and air dried 
between applications for thirty minutes each time 
to build up a total thickness of approximately 
0.6m(0.022 in.). 
3. Four windows 6.35mn(0.25 in.) by 6.35mm(0.25 in.) were 
exc is ed . 
4. A 10% by weight solution of sodium hydroxide was 
heat,ed to 60% ( 1 4 O O F )  in a stainless steel beaker 
with constant stirring using an air driven stirring 
apparatus. 
5 .  The specimen was lowered into the solution for 
fifteen second intervals, desmutted in a 57. HNO -H 0 
solution, rinsed in running water and thickness 
measured with a micrometer. 
3 2  
6. The chem-mill removal rate was established to be 
approximately 0,375mn(O.O015 in.) per minute, em- 
ploying this procedure. 
Chem-milling was used only for the initial evaluscion specimen on 
a 2014-T6 specimen (set I). 
in maintaining a constant removal rate. Additionally, the formation of re- 
action products required two additional cleaning steps. Only Rigaku X-ray 
measurements were made on the chem-milled surfaces of this specimen. The ACC 
Fastress was down for maintenance. 
Chem-milling was discontinued due to difficulty 
Elec tropol ishing: 
A Struers Lectro-Pol electropolisher (Figuxes 4 ,  page 29, and Figure 
5, page 30) was used for the electropolishing procedure. 
of a power control console and a separate pump and electrolyte jar. 
is self-contained, automatic, and operates on llOV. The pumping system is 
variable by means of an orifice control. 
does not ordinarily require a maskant be used on the specimen as with chem-milling, 
The pump device on the Struers has masks of various sizes and configurations as 
needed. 
This machine consists 
The system 
Electrolytic polishing on the Struers 
a 
A 10.2mn(0.4 in.) diameter mask was utilized for the specimens of sets 
I and 11. 
progressive profiling, a 25.4mn(l in.) mask was initially used for specimens of 
set I11 . 
In an attempt to reduce the tendency of the cavity to "dish" during 
The 25.4rmn(l in.) mask caused excessive distortion of the cavity and 
was discontinued. All subsequent electropolishing was accomplished with a 
17.2mm(0.5 in.) diameter mask. 
Polisher was also used in conjunction with the electropolishing of sets 111 and 
IV. 
electrolyte temperature and resulted in more reproducibli metal removal. 
The built-in cooling coil on the Struers LecLro- 
The cooling coil, operating at 20 ( 6 8 )  to 214: (70oF) stabilized the 
The general procedure employed for electropolishing is given below: 
1. Specimen thickness was measured. 
2. Desired window s i z e  was inserted in the unit. 
3.  An electrolyte identified by Struers A-2 was 
7k 
placed in the electrolyte jar. 
4. Polishing parameters were set: current, 0.6 AMP 
2 
at 25 volts; flow rate, No. 5; window size, lcm ; 
and time 60 seconds. 
5. The specimen was placed face dotn on the window as 
above. The automatic polishing sequence button was 
pushed, polishing was accomplished for two thirty 
second intervals, followed by a water rinse. A 
micrometer measurement was made after each interval. 
6 .  These settings zesulted in .025m(0.001 in.) per 
minute metal removal. No further processing was 
necessary, 
B 
Analysis - Set I: 
Set I consisted of a single 8m(0.315 in.) thick by 24.9mm(0.98 in.) 
wide by 78.7m(3 in.) 2014-T6 specimen. 
identified by NASA, 
The rod peening parameters were un- 
* A-2 solution 
78 ml Perch1or:c acid (must be refrigerated) 
1?0 ml D i s t i l l  cd  water 
700 ml Ethanol  
100 ml Butylcellosolve 
Add cold Perchloric acid immediately before use! 
6 
This specimen was used to fauniliarize Northrop with the unique 
characteristtcs of rod peening related by X-ray residual stress analysis. 
The specimen was identified by four zone numbers (Figure 6, page 31). 
Surfact readings were taken with the Rigaku and Fastress X-ray machines. 
Initially a longitudinal strip 8.45am(0.333 in.) wide was progressively 
chem-milled down to 0.23au1(0.009 in.), 0.38mr(O.O15 in.), and 0.64am(0.025 in.). 
Four readings at each level were taken on the etched surface, (Locations LC-bc, 
Figure 6, page 31) and on the as-peened strip (locations lP-4P, fbid) using only 
the Rigaku machine (Table 111, page 21). 
At this point the electropolishing was started. Two sets of four 
spots (1P-4P and 1C-4C) each lO.ldmm(0.4 in.) diameter were simultaneously 
etched on the peened and previously cham-milled (to 0.6W0.025 in.) strip in 
0.05nm(0.002 in.) and 0.09nm(0.0035 in.) increments as shown in Figure 6, page 
31 and recorded in Table 111, page 21. 
ACC Fastress and Rigaku Strainf lex averages indicate: ::cc"1 Ifat 
correlation for the Ormu(0 in.), 0.05nm(0.002 in.) and 0.09nm(0.0035 in.) levels 
(locations 1P-4P) and no correlation for the deeper readings, 0.69m(0.027 in.) 
and 0.72w(3.0285 in,), (locations 1C-4C). In addition, there were several 
high tensile readings noted. 
Texturing - Set I: 
It was at this time that a problem of texturing (11) was first sus- 
pected, however, no X-ray diffraction h u e  pattern was made to establish the 
existence of "texturing" or "orientationtt effects. 
with B. Calfin (Materials Research Laboratory), W. Sturrock (Materials Engineering), 
E. Lauchner (Materials Engineering), R. Erwin (Quality Assvrance) and R. Rosas 
(Manufacturing Reszzrch and Development) on the anomalous readings. 
to utilize a combination of multiplep readings (12) and linear regression to 
determine the actual stress at the last point, 0.72mn(0.0285 in.). 
Rigaku Strainflex could be adjusted for varying ;I readings, no correlation was 
availab'e foi the ACC Fastress. The results of seven 9 readings gave what 
appears to be a more realistic value of 74.5MPa(-10.8 ksi) as opposed to an 
average of 49.6MPA(-71.9 ksi) for the Rigaku Strainflex and an average of 
37.6MPa(-54.5 ksi) for the ACC Fastress. 
only electropolishing was employed for comparison between the Fastress and Rigaku 
A joint discussion was held 
It was decided 
Since only the 
Since in this preliminary evaluation 
7 
measurements or between the Rigaku two vs seven p readings, elecLropolishing was 
the method selected for subsequent profiling. 
Analysis - Set 11 consisted of two specimens. 
was an 8.3mn(0.326 in.) thick by 25.4om(l in.) wide by 461d1.813 in.) long 
708-T652 section of a strip cut from a large fin forging. The original strip, 
25.4 x 203mn(l x 8 in.), had been rod peened to saturation in a specimen holder 
recessed to fully support the specimen during peening employing rod tip radii of 
1.778-3.Omn(0.070-0.120 in.) with 345N/m (50 psi) air pressure. 
19-2 was profiled 0.025mn(0.001 in.) at a time to a total depth of 0.965mn(0.038 in.). 
In order to ascertain possible texturing effects, seven multiple Cy readings were 
taken through the 0.5081xn(0.020 in.) level. After that the normal two Sy 
reading procedure was followed until zero stress was reached at 0.965nm(0.038 in.). 
Individual data are shown in Appendix A. 
The first identified as NASA 19-2 
2 NASA specimen 
The second specimen of set I1 was a 7075-T651 nonpeened plate specimen, 
6.4nm(0.25 in.) by 18.5mn(0.73 in.) by 146.1m(5.75 in.). 
verse section of a 146.lmn(5.75 in.) thick plate. A surface scan was taken at 
six locations, each side in 27.krm(1.075 in.) increrients on the centerline. 
Individual data are recorded in Appendix A. 
It was a short trans- 
Analysis - Set I11 consisted of twenty specimens. The first nineteen were 
6.4mn(0.250 in.) by 76.2mn(3 in.) by 76.2w(3 in.) specimens (Figures 7, 8, and 
9, page 32 through page 34). Twelve were rod peened at MSFC and witnessed by 
Brent Calfin of Northrop on 1 August 1975. 
then hand cleaned with MEK prior to rod peening. 
provided to Northrop for comparative shot peening. 
The specimen blanks were sheared and 
Seven specimen blanks were 
The twentieth specimen of set 111 was a 7079-T6 thick plate section 
(Figure 10, page 35) with surfaces that were as-machined and rod peened, as- 
rolled and rod peened, and as-rolled and double rod peened. The rod peening 
parameters were described on page 3. 
Rod Peening, - Set 111: 
Four specimens of each alloy were rod peened, employing one for each 
of four conditions. 
12.7mm(0.5 in.) into a bench vise with a 25.4mm(l in.) thick aluminum backing 
plate, the top edge of the blank being free. A Cleco B1-lgun, serial number 
A1297 was used for  rod peening with a number 3 setting, (i.e., toward the lever). 
The individual specimens were inserted approximately 
8 
A l l  rod peening was t ransverse to the  r o l l i n g  d i r ec t ion  f o r  a nominal f i f t y  
seconds ( see  individual da t a  shee ts  i n  Appendix B f o r  exact times). 
peening conditions were: 1.143m(0.045 in.) t i p  radius/241N/m (35 ps i ) ;  
2 1.143mn(0.045 in.) t i p  radius/345N/m (50 ps i ) ;  1.77&nn(0.070 in.) t i p  radius/  
The four 
2 
345N/m 2 (50 p s i )  and 1.77&rm(0.070 in.) t i p  radius/241N/m 2 (35 psi) .  
Shot Peening - Se t  1x1: 
The seven remaining specimen blanks were instrumented with Micro- 
measurements Inc. EAl3-250BF-350 s t r a i n  gages. 
the back s i d e  in the center  of the  specimen p a r a l l e l  t o  the r o l l i n g  direct ion.  
Six of the blanks, two of each al loy,  were individual ly  mounted i n  the f i x t u r e  
shown i n  Figure 11, page 36. A 6.4mm(0.250 in , )  thick, f u l l  s i z e  7075-T651 
face sheet  was f i t t e d  between the specimen and the steel plate.  The face of 
the aluminum spacer was ident ica l  t o  t h a t  of Figure 11 except t ha t  the holes  
were oversized and not  tapped. An assembled f i x t u r e  with a specimen mounted 
and fixture components are shown i n  Figure 12,  page 37. 
The gages were positioned on 
Shot peening was done i n  a Model 703 Peenamatic machine by Metal 
Improvement Company a t  t he i r  Los Angeles f a c i l i t y .  
a t  1 5  rpm with a nozzle to specimen d is tance  of 152mn(6 in.). 
were peened t o  an in t ens i ty  of 0.01OA based on standard steel Almen s t r i p s ,  
Specimens 2014-T651(A), 2014-T651(B), 2219-T87(A), 2219-T87(B), and 7075-T651(A) 
were peened w i t h  230 s t e e l  shot a t  241N/m (35 ps i )  for one minute. 7075-T651(B) 
2 
was peened with 330 s t e e l  shot  a t  138N/m (20 p s i )  fo r  three minutes. 
7075-T651(C) was not shot peened. 
The specimens were ro ta ted  
A l l  specimens 
2 
Specimen 
It was used as a s t r a i n  gage reference specimen. 
P r io r  t o  e lectropol ishing,  p l a t e  curvature was measured on a l l  rod 
peened specimens and is  shown i n  Table 11, and stress readings were taken a t  the 
center of the surface. 
polished to a depth of 0.025mn(0.001 in.). Excessive so lu t ion  heating and 
arcing was experienced and a l l  subsequent e lectropol ishing was done w i t h  a 
12.7m(0.5 in.) diameter mask. Prof i l ing  was done a t  0.025mn(0.001 in.) increments 
to  a depth of 0.127m(0.005 in.) ,  then one s e t  of 0.51mn(0.002 in.) to  0.178mm 
(0.007 in.)  and from then on t o  0.076mn(0.003 in.) increments. The bulk of the 
readings were madt with t h e  Rigaku S t r a in f l ex  u t i l i z i n g  a copper tube and with 
the ACC Fastress  chromium tube combination. 
several  mult iple  LU readings were taken i n  addi t ion t o  a s e r i e s  with the 
I n i t i a l l y  a 25.4mn(l in.) diameter spot was e lec t ro-  
A t  the  0.406mn(0.016 in.) l eve l ,  
9 
Rigaku Strainflex chrmiun tube combination. 
Appendix B. 
Individual data are shown in 
Strain gage leads on shot peened specimens 2014-T651(B) and 2219-T87(B) 
of set 111 were damaged and after repair a new balance zero could not be estab- 
lisheu. The change in residual stress on the back side for 813 six shot peened 
specimens was determined as a function of thickness after profLling by electro- 
polishing and was recorded. 
with the Rigaku Strainflex copper tube, Rigaku Strainflex chromium tube, and 
ACC Fastress chromium tube. 
Readings were taken in 0.025mn(0.001 in.) increments through 0.127mn(0.005 in.) 
and in 0.076mn(0.003 in.) until zero stress was recorded. 
Surface readings after shot peeni2g wcre taken 
Individual data are shown in Appendix E. 
Thick Plate - Set 111: 
The profiling of the 7079-T6 thick plate section with three surface 
conditions was accomplished with the 12.7mn(0.5 in.) diameter spot electropolishing 
technique. The profiling sequence for the as-machined and rod peened surface 
and the as-rolled and rod peened surface was in 0.025mn(0.001 in.) increments 
through 0.127mn(0.005 in.), 0.076mn(0.003 in.) through 1.041nm(0.041 in.) and 
0.127mn(0.005 in.) increments until tensile stresses were reached. The 
as-rolled and double rod peened surface was profiled in 0.025mn(0.001 in.; 
increments through 0.127mn(0.005 in.) and 0.127mn(0.005 in.) increments until 
tensile values were reached. The individual data are given in Appendix B. 
- Set IV consisted of twenty-five rod peened specimens and represented two 
thicknesses; 4.83mn(0.190 in.) and 6.35mn(0.250 in.) and were 38.lm(1.5 in.) 
wide by 76.2mn(3 in.) long. 
and is shown in Table 11. 
crements through 0.381mm(0.015 in.) and then 0.254mn(0.010 in.) increments 
until zero stress was reached. The individual data are given in Appendix C. 
The curvature was measured prior to electropolishing 
The profiling sequence was 0.07m(0,003 in.) in- 
A Hewlett-Packard 9810A calculator with a statistics block (1%) was 
used to analyze the test data. Both linear and parabolic regression solutions 
were utilized to minimize the effects of data scatter. 
required primarily for multiple YJ 
were plotted with the aid of parabolic regression analysis, 
was that the first portion of the peening residual stress curves is essentially 
parabolic in fcrm. 
Linear regression was 
The final stress profile curves analysis. 
The hypothesis 
The first 0.762m(0.030 in.) t o  1.143mm(0.045 in.) portion 
10 
of each data set was assmed to be a parabola and an equation for the curve was 
then derived. 
resultant parabola and the remaining data points. The correlation coefficients 
(r 1 were used as a measure of data scatter (%.e., one equals perfect fit and 
0 equals no correlation). The equations and correlation coefficients are re- 
corded on the individual curves. 
The remainder of the profile was then faired in between the 
2 
All data were taken in English units and converted to S.I. units. 
RESULTS AND DISCUSSION 
Set I: 
The results of the 2014-T6 specimen are tabulated in Table IIL, page 21. 
ACC Fastress and Rigaku Strainflex average of three (page 21, note 3) indicate 
excellent correlation for the Omn(0 in.), 0.05am(O.002 in.) and 0.09mn(0.0035 in.) 
levels and no correlation for the deeper levels of electropolished surfaces. 
The utilization of multiple Y readings from the Rigaku Strainflex combined with 
linear regression analysis gave a more realistic value of -74.5MPa(-10.8 ksi) at 
the 0.72mn(0.0285 in.) level as opposed to an average of -496MPa(-71.9 ksi) for 
the normal two 4' readings of the Rigaku Strainflex and an average of -376MPa(54.5 ksi) 
for the ACC Fastress. 
Set 11: -
The residual stress profile of NASA specimec 19-2 is shown in Figure 13, 
page 38, and surrmarized in Table IV, page 22. The distribution of the data points 
is excellent and indicates a nominal surface stiess of -361IWa(-52 ksi) going to 
a maximum of -480MPa(-70 ksi) at a subsurface level between 0.203m(0.008 in.) to 
0.229m(0.009 in.) and slowly decreasing to zero stress at 0.965m(0.038 in.). 
The surface scan across the thickness of the 146.1m(5.75 in.) thick 
7075-T651 plate specimen is shown in Figure 14, page 39. 
the machined surface within 4.75m(0.187 in.) of the rolled surface is 
-284MPa(-41 ksi) and the average interior stress is 170MPa(-;5 ksi). 
transverse specimen is machined with a surface finish of approximately 16 rms. 
The average stress of 
This short 
Set IIL: 
The residual stress profiles for the 7079-T6 specimen are shown in 
Figures 15, 16, and 17, pc7es 40 through 42 and stmmarized in Table XV, page 22.  
The machitred and rod peened section had the lowest surface stress, -257MPa(-32.7 k s i )  
11 
but the deepest t o t a l  s t r e s s  layer. 
d i f fe rence  i n  the as-rol led rod peened and the as-rol led double rod peened 
sections.  
had been expected, based on the previous specimens. 
There was no apparent s ign i f i can t  
The average zero stress depth of 1.31mn(O.O52 in.) was deeper than 
"Peening severi ty"  i s  defined by the authors a s  the combination of 
increased rod t i p  r a d i i  and a i r  l i n e  pressure. 
a s ing le  a l loy  grouping increasing a i r  l i n e  pressure and t i p  r a d i i  fo r  the 
38.lm(1.5 in.) by 76.2mn(3 in.) group increases specimen curvature. 
res idual  stress p r o f i l e s  fo r  the twelve 76.2m(3 in.) by 76.2mn(3 in.) specimens 
a r e  shown i n  Figures 18 through 29 and sumnarized i n  Table V, page 23. 
Table V ind ica tes  t h a t  within 
The 
No cor re l a t ion  between "peening severi ty"  and surface stress or 
The zero stress depth did tend to  maximum s t r e d d e p t h  could be determined. 
increase with "peening severity". 
The shot peening p r o f i l e s  a r e  shown i n  Figures 30, 31, and 32, pages 
55 through 57 and sumnarized i n  Table V I ,  page 24. 
positioned on the nonpeened s ide  of the s i x  shot  peened specimens indicated an 
average surface s t r e s s  of 8.73MPa(1.8 k s i )  a f t e r  shot peening. No co r re l a t ion  
between p ro f i l i ng  depth and change i n  s t r a i n  gage readings could be determined. 
The t o t a l  compressive s t r e s s  layer  of the shot  peened specimens i s  considerably 
l e s s  than f o r  rod peened specimens of the same a l loy  and specimen dimensions. 
The zero s t r e s s  depth fo r  the 7075-T651/330 shot specimen was 707. grea te r  than 
the 7075-T651/230 shot specimen. 
varied from an average of 50% ( f o r  2014-T651) to  90% ( f o r  7075-T651) fo r  the 
corresponding rod peened specimens. 
The s t r a i n  gages which were 
Surface s t r e s ses  for  the shot peened specimen 
Se t  I V :  
The residual  stress p r o f i l e s  for  the twenty- f i v e  %.lmn( 1.5 in. ) by 
76.2mn(3 in.) specimens a re  shown i n  Figures 33 through 57, pages 58 through 
8 2  and summarized i n  Table VII, page 25. 
Se ts  111 and IV: 
The re la t ionship  of rod peening stress to compression y ie ld  
s t rength i s  shown i n  Figures 58 and 59, pages 83 and 84. 
the curves fo r  the twelve 76.2mn(3 in.) by 76.2m(3 in.) s e t  I11 specimens. 
The average spread between maximum and surface s t r e s s e s  i s  approximately 
75MPa(ll k s i ) .  
Figure 58 shows 
For the twenty-five 38.lm(1.5 in.) by 76.2mm(3 in.)  s e t  Iv 
12 
specimens (Figure 59) the average spread is 185Wa(27 ksi). 
that would have allowed plotting constant peening parameters in Figures 58 
and 59 was ascertained. 
No correlation 
RECOMMENDATIONS 
1. Further work should be done to define rod peening 
parameter limits as a function of improved stress 
corrosion resistance and fatigue life improvement. 
2. Multiple specimens for each condition are necessary and 
would have been beneficial in achieving better data 
cor r e 1 at i on. 
3. Rod peened specimen blanks should be mounted in a 
substantial fixture in order to get more reproducible 
results. 
4. Material thicker than 6 - 4 4  1/4 in.) and shot peening 
intensity greater than O.OlOA should be employed for 
better comparison with rod peening. 
5. The possible use of rod peening for forming and 
straightening should be investigated. 
6. The effect of rod peening on steel and titanium 
alloys should be evaluated. 
CONCLUSIONS 
Based on the peening stress profiles measured for rod peened and 
shot peened aluminum alloys, the following is concluded. 
1. The resulting stress profiles measurements on both rod 
peened and shot peened specimens indicated the 0.010A 
Almen intensity employed for comparison was insufficient for 
valid comparison of both processes. 
2. Rod peening imparts an extremely deep compressive layer, 
approaching the yield strength on aluminum alloys, 
ranging in strength levels from 6061-T6 to 7075-T651. 
13 
3. No correlation of maximum stress/depth with peening 
severity is apparent from the results of this study. 
4. Strain gage readingswse no t  useful for correlating 
with shot peening profiles due to the minimum relaxation 
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(0.9 IN.) (0.6 IN.) (0.8 IN.) 
FIGURE 6. X-RAY RESIDUAL STRESS READING LOCATIONS 
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FIGURE 11. PEENING SPECIMEN HOLDER 
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FIGURE 19. ROD PEENING STRESS PROFILE (SET 111) 
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FIGURE 26. ROD PEENING STRESS PROFILE (SET 111) 
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FIGURE 27. ROD PEENING STRESS PROFILE (SET 111) 
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o 0.1 0.2 a3 a4 0.5 0.6 a7 ao an 1.0 1.1 1.2 13 1.4 1.5 1.6 1.7 1 . o ~  
DISTAMCE OELCIY SURFAQ 
FIGURE 29. ROD PEENING STRESS PROFILE (SET 111) 
NAS31sb3 PROJECT 5WZO3 
NAYL iQI(TS1-76lmm 13 IN1 s 76hm I3 IN I 
CDNDITON - YCOT CLENED lp WOT -241 N d  135ffil- W 
ORlG THK IAI - 6 477- (0 M IN1 
IBI - 6.477n-n IO 266 IN1 
- 152 mm 16 IN1 - lSRCY 
RCSIATION 
CU, - X ) K V - I Q N - N I F ~ L T E R I R I G A K U ~ ~  W/CrTUBE @ 
CU,; - I S K V - a V  FILTER IFASTRESS0 
K S  
130 
+m 









1 1 1 1 1 1 1 ' 1  
0 01 0 2  0 3  0 4  0 5  0 8  0 7  0 8  mm 
DISTANCE BELOW SURFACE 





0 -  0 
10 







500- 5 10 15 20 25 30 IN 
1 1  I I 1 1 1 1 J  
0 01  0 2  0 3  0 4  0 5  0 6  0 7  mm 
DISTANCE BELOW SURFACE 
FIGURE 30. SHOT PEENING STRESS PROFILES (SET 11) 
4 1  
NAS8-31563 PROJECT 5082(u 
MAT'L 22lS-T67-762mm I3 IN1 I 76.lmm (3 IN.] 
CONOlTlON -SWOT P€ENE0-290Y)OT-241 N/Mz 135f f i l  - 80 SEC - 152mm 16 IN) -15 RW 
+zoo 
*tm 
0 -  










5 10 1 5 2 0  25 M 
'zoo 
+loo 











































l l l r t l r r l  
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 OB mn 
OISTANCE BELOW SURFAZE 






1 1  1 I 1 1 ' 1 1  
0 0.1 0.2 0 3  0.4 0 5  0.6 0.7 0.8 mm 
DISTANCE BELOW SJRFACE 
FIGURE 31. SHOT PEENING STRESS PROFILES (SET 111) 
NA!S-31F63 PROJECT 5Q1M 
MAT'L 70751651 - 7 6 . h m  I3 1N.I X 76.2mm 13 IN.) 
CONDITlON-U(OTPEENED-IAISPECIYEN2305m)T-241N/M~I35PSI~-(10SEC- 152mm161N.l- 15RW 
ORlG THK - I A I  SPECIMEN 6.4Olmm lO.)51 IN.) 
18) SPECIMEN 6.428mm 10.133 IN.) 
RAOIATION 
I81 SPECIMEN 33OSm)T - 13RN/M2 IZOPS.1) - 180SEC - 152mm I6 IN 1 .  15RPM 
CUI(. - 3OKV ~ lak - N i  FILTER IRIGAKUIO W/CR TUBE @ 










loo 5 10 15 20 25 30 I N  X 10-3 
I I I l l l l l J  
0 0 1  0 2  03 0 4  0 5  0 6  07  0 8  mm 
OISTANCE BELOW SURFACE 
MPa K S  
IN x 10-3 
5 10 15 20 25 30 IN x 10-3 
I l l l l I l l J  
0 0 1  0 2  0 3  0 4  0 5  0 6  0 7  0 8  mrn 
DISTANCE EELOWSURFACE 


































MAT'L 2014-T661 - 38.1 mm (1.6 IN.) x 76.2 mm (3 IN.) 
CONDITION - ROD PEENED - in NIM~ (2s psi) - 1.146 mm (a 
y 44.2 - 2 . 8 9 ~  + 0 . 0 9 ~ ~  
I IJ x 10-3 
1 I 1 1 I I 1 I I 1 I I I I I I I I J  
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 l.8m 
DISTANCE BELOW SURFACE 
FIGURE 33. ROD PEENING STRESS PROFILE (SET IV) 
~1 x 10-3 
I I I I I I I I I I I I I I 1 I I I J  
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.0 1.0 1 , l  1.2 1.3 1.4 1.5 1.6 1.7 1.8mm 
DISTANCE BELOW SURFACE 





0 -  
-100 - 


















KSi NASB-31563 PROJECT NO. 508203 
- 2014-T661 - 38.1 rnm (1.5 IN.) x 76.2 mm (3  IN.) 
2 
CONDITION - ROO PEENEO 345 NIM 
ORlG THK - 6.35 mm (0.250 IN.) NOM 
RADIATION - 
(60 PSI) - 1.778 mm (0.070 IN.) T.R. - 100 SEC 
Cu.. ~ - 30 KV - 10 Ma - Ni FILTER (RIGAKU) 0 
x 10-3 
1 1  I I I I I I I I I I I 1 I I I I I 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8flUll 
OISTANCE m o w  SURFACE 
FIGURE 35. ROD PEENING STRESS PROFILE (SET IV) 
x 10-3 
1 I I I I I I I 1 1 1 1 I I I I I I J  
0 0.1 0.1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.1 1.3 1.4 1.5 1.6 1.7 1.8mm 
DISTANCE BELOW SURFACE 




0 -  
-100 - 
-am- 








0 -  
-100 - 
g -200- 







~ l r l  x 10-3 
I I I I I I I I 1 1 I I I 1 I I 1 I I 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1.0 1.1 1.2 1.3 *.4 1.6 1.b 1.7 1.8mm 
DISTANCE BELOW SURFACE 
FIGURE 37. ROD PEENING STRESS PROFILE (SET IV) 
I~ x 10-3 
1 I I I I I 1 I 1 I I I 1 1 I I 1 I 1 
0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8mm 
DISTANCE BELOW SURFACE 

















I I I I 1 I I I I I I I I I I I 1 1 ? 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1.0 1.1 1.2 1.3 1.4 1.6 1.6 1.7 l.Bmm 
DISTANCE BELOW SURFACE 
FIGURE 39. ROD PEENING STRESS PROFILE (SET IV) 
MAT'L - 2024-T3 - 38.1 mm (1.6 IN.) x 76.2rnm (3 IN.) 
14 x 10-3 
I I I 1 I I I I I I I 1 i I I I 1 1 1 
0 0 1  0 2  0 3  0 4  0 5  0 6  0 7  0 8  0 8  10  1 1  1 2  1 3  1 4  1 5  1 6  1 7  l B m m  
DISTANCE BELOW SURFACE 

































I I I I I I I I I I 1 I I I I I I I 1 
0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.0 1.0 1.1 1.2 1.3 1.4 1.6 1.6 1.7 l . 8mm 
DISTANCE BELOW SURFACE 
FIGURE 41. ROIJ PEENING STRESS PROFILE (SET IV) 
I 1 I I I I 1 1 1 I 1 1 1 1 I I I I 1  
0 0.1 0.2 0.3 0.4 0.6 0.8 0.7 0.8 0.0 1.0 1 1  12 13 1.4 1.5 16 1 7  18mm 
DISTANCE BELOW SURFACE 




























%Si NAS8-31663 PROJECT NO. 508203 
MAT'L - 2219-T87 - Yd.? rnm (1.6 IN.)  x 76.2mm (3 IN.) 
CONDITION - ROC) PPFNED - 346 N/M2 (60  PSI) - 1.778 (9.070 IN.) T . R .  - lOOSEC 
CuKD - 30 KV - 1Oh.A - NI  FILTER (R IGAKU)  0 
CrKa - 15K - 60MA - V FILTER (FASTRESS) 0 
I ,V x 10-3 
1 I 1 I I I 1 I I I I I I I I I I I I 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8m 
DlSlANCE BELOW SLJRFACE 
FIGURE 43. ROD PEENING STRESS PROFILE (SET IV) 
N x 10-3 
I I I I 1 I I 1 I I 1 I I I 1 1 1 1 1  
9 0 1  02 03 0 4  O R  0 6  0 7  0 8  0 9  1 0  1 1  1 2  1 3  14 1 5  16 1 7  l 8 m m  
DISTANCE BELOW SUA6ACE 
FIGURE 44. ROD PEENING STRESS PROFILE (SET IV) 
L I  I I I I I I I I I I I I ;- 
o 0.1 0.2 a3 a i  a5 0.6 ai 0.0 JR 1.0 1.1 1.1 13 1.n 1.5 1.6 1.7 1 . 8 m  
DISTANCE B€LOlllSURFM€ 
FIGURE 45. ROD PEENING STRESS PROFILE (SIX IV) 
MPa *4 NASE-31663 PROJECT NO. 608203 
MAT'L - 6081-TI - 38.1 mm (1.6 IN.) I 76.2 mm (3 IN.) 
CONDITION - ROD PEENED 241 N/MZ (36 PSI) - 1.146 mm (0.046 IN.) T.R. - 1WSEC 
ORlG THK - 6.35 mm (0.260 IN.) NOM 
RADIATIGN- CU, - 30 KV - l O M A  - Ni FILTER (RIGAKU) 0 
1 1  1 I 1 I I I I I I 1 1 I 1- 
0 0.1 0.2 0.3 0.4 0.S 0.6 0.7 0.8 0.D 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1 . 8 m  
DISTANCE BELOW SURFACE 


















0 -  
-100 
















I I 1 I I I I 1 1 I I I I I I I I I I 
0 O.! 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8- 
DISTANCE BELOW SURFACE 
FIGURE 47. ROD PEENING STRESS PROFILE (SET IV) 
KL I NAS8-31663 PROJECT hO. 508203 
CONDITION - ROD PEENED - 345 N/M2 (50 PSI) - 1.778 mm (0.070 IN.) T.R. - lOOSEC 
MAT'L - 606l-T6 - 38.1 mm (1.5 IN.) x 76.2 mm (3 IN.) 
ORlG THK - 6.35mm (0.250 IN.) NOM - +30 
+m RADIATION- 
CUKQ - 30 KV - 10MA- NI FILTER (RIGAKU) 0 
+lo I 
x 10-3 
I I I I I 1 I 1 I 1 I I 1 I I I 1 I 1 
0 0 1  0 2  0 3  0 4  0 5  O B  0 7  0 8  0 9  1 0  1 1  1 2  13  14 1 5  1 6  1 7  18mm 
DISTANCE BELOW SURFACE 



























LlllllJ I I I I I 1 I I I 1 1 1  
F 0.1 0.2 a3 0.4 0.5 0.6 0.7 0.0 QO 1.0 1.1 1.2 13 1.4 1.5 1.6 1.1 1.8- 
DISTANCE eEmw SURFACE 
FIGURE 49. HOD PEENING STRESS PROFILE (SET IV) 
IM x 10-3 
1 1  I I I I 1 I I I I 1 I I 1 I I I 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.e c.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 i . e m  
DISTANCE e E m w  SURFACE 


























I I I I I I 1 I I I I I I I I I I r j  
DISTANCE a E L c w s u ~ ~ ~ c E  
0 0.1 0.2 0.3 0.4 0.5 0.6 0 7  0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8- 







N x 10-3 
1 1 1 1 1 1  1 I I I I I I 1 I I I I I 
DISTANCE amow SURFACE 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1 . 8 m  
FIGURE 52. ROD PEENING STRESS PROFILE (SET IV) 
52 
NASE-31663 P R W C T  NO 508203 
MAT'L - 707S-T6 - 3Ul mm (13 IN.) x 76.2imm (3 IN.) 
CONDITION - ROD CEENEii ss2ium2 (-1) - 3.- .nm (0.120 IN.) T.R. - 1msEc 
ORlG THK -4- mm (QloQ IN.) NOM : :- 
. .  
I I I I 1. I I I I I 
o 0.1 0.2 a3 a 4  as as a 7  0.8 0.9 1.0 1.1 1.2 1 3  1.4 1.5 1.6 1.7 t . a m  
I I I I I I I I I 
DlSlAMCE @€LOW SURFACE 
FIGURE 53. ROD PEENING STRESS PROFILE (SET IV) 
I I I I I I I I I 1 I I I I I 1 I I J  
0 0 1  0 2  0 3  0 4  0 5  0 6  07  0 8  0 9  1 0  1 1  1 2  1 3  1 4  15  16 1 7  l 8 m m  
DISTANCE BELOW SURFACE 




+ 1 w  
0 








do0 x loj 
I I I I I I I I I I 1 I I I I I I I 1  
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.6 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8mn 
DISTANCE BELOW SURFACE 
FIGURE 55. ROD PEENING STRESS PROFILE (SET IV) 
I I 1 I I I I 1 1 I I I 1 1 1 I 1 I 1 
0 0 1  0 1  0 3  0 4  0 5  0 6  0 7  0 8  0 9  10  1 1  1 1  1 3  1 4  1 5  1 6  1 7  IBrnn! 
DISTANCE BELOW SURFACE 
FIGURE 56. ROD PEENING STRESS PROFILE (SET IVl 
54 
I* x lo3 
1 1  I I I I 1 I I I I I I I 1 I I I I 
o 0.1 0.2 a3 a4 os 0.6 0.7 as 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 t.am 
DISTANCE BELOW SURFACE 
FIGURE 57. ROD PEENING STRESS PROFILE (SET IV) 
10 20 30 40 50 M) 70 80 90 100 110 120 KSI 
I 1 I I I 1 I I I I 
0 100 200 300 400 500 600 700 800 MPa 
MILHOOK-5 COMPRESSION YIELD STRENGTH 
FIGURE 58. ROD PEENING STRESS VS. COMPRESSION YIELD STRENGTH (SET 1111 
55 
I I I I 1 I I I I 
0 100 200 300 400 500 600 700 800 MPa 
MILHDBK-5 COMPRESSION YIELD STRENGTH 
= 0.55) 
I 2 0  
f IGURE 59. ROD PEENING STRESS VS. COMPRESSION YIELD STRENGTH (SET IV) 
56 
APPENDIX A 
SET II DATA 
DATA SHEET 
MATERIAL 
CONDITION Rod Peened - Saturated 
ORIGINAL THK. 0.326 Inch 
NAS 8-31563, Project No. 508203 































(hka  -3Okv -10ma Nickel Filter (Rig&) 
























































A - l  
DATA SHEET 
MATE RIAL 
CONDITION Rod Peened - Saturated 
ORIGINAL THK. 0.326 Inch 
NAS 8-31563, Project No. 508203 
7079-T652 Forging Section (NASA 19-2) 1 in X 2 7/16 in (Nom) 
RADIATION (kkQ -3Okv -10ma Nickel Filter (Rigaku) 
























0.508 ( 2 0 )  
0.508 (20) 
0.508 (30 )  
0.533 (21) 
0.533 (21)  


























































































































-466.1 ( 4 7 . 6 )  






DATA SHEET NAS 8-31563 Project No. 508203 
MATE RIA L 
CONDITION Rod Peened - Saturated 
7079-T652 Forging Section (NASA 19-2) 1 in x 2 7/16 in (Nornl) 
































Cuka -3Okv -1Oma Nickel F'ilter (Rigaku) 


























































































































































CONDITION Rod Peened - Saturated 
ORIGINAL TWK. 0.326 Inch 
NAS 8-31563, Project No. 508203 
7079-T652 Forging Section (NASA 19-2) 1 in x 2 7/16 in (Nom) 
RADIATION aka -3Okv -10ma Nickel Filter (Rigaku) 






































































&lPa (KSi) - 
A-4 
/ ’  








NAS 8-31563, Project No. 508203 
146. lmnl (5.75 in- ) I \= 27.31mm (1.075 in. ) Typ 
h k 4  -3C’tv -10ma Nickel Filter (Rigaku) & 4.75mm (0.187 in. ) TY~]  
















































































































































-133. 1 (-19.3) 








ORIGINAL THK. 0*257 Inch 
NAS 8-31563, Project No. 508203 
2014-T651 - 3 in x 3 in (Nom.) 









1.2 19 (48) 
1.346 (53) 
1.473 (58) 
Cuke -3Okv -10ma Nickel Filter (Rigaku) 




























































































































(1) llulti rL on Rigaku 
B- 1 
DATA SHEET 
MATE RIA TA 
CONDIT ION 
ORIGINAL THK. 257 Inch 
NAS 8-31563, Project No. 508203 
2014-T651 - 3 in x 3 in (Nom.) 


















































































(1) 0.406 (16) 
0.406 (16) 
0.406 ( l G )  
0.406 (16) 
0.406 (16) 
CukG -3Okv -10ma Nickel Filter (Rigaku) 





































































































































ORIGINAL THK. 0.257 Inch 
RADIATION 
NAS 8-31563, P-ject No. 508203 
2014-T651 - 3 in x 3 in (Nom.) 
Rod Peened - 35PSI/O. 045T. R. /66 Sec. 























































SIN 8 I d  
























NAS 8-31563, Project  No. 508203 
8014-T651 - 3 in x 3 in (Nom) 
Hod Peened - 35 psi/% 070 T. R./50 Sec. 
































































aka -3Oh~ -1Oma Ejickel Filter (Rigaku) 











































































































































hISFC No. XI 
-469.5 (-68.1) -399.9 (-58 I 





NAS 8-31563, Project No. 508203 
2014-T651 - 3 in x 3 in (Nom) 
Rod Peened - 35 psi/O. 070 T. R./50 Sec. 















1 . 3 4 6  (53) 
Cuka -3Okv -10ma Nickel Filter (Rigaku) 

















































































































































ORIGINAL THK. 0.257 in 
NAS 8-31563, Project No. 508203 
2014-~651 - 3 in x 3 in (Nom) 
























0.406 ( 1 G )  
0.406 (16) 





&kc, -3Okv -10ma Nickel Filter (Rigaku) 




















































































































































-484. o (-70.2 













































NAS 8-31563, Project No. 508203 
2014-T651 - 3 in x 3 in (Nom) 
Rod Peened - 50 psi/O. 045 T. R. /50 Sec. 

















CUka -3Okv -10ma Nickel Filter (Rigaku) 









































































































































MPFC No.  V 










ORIGINAL THK. 0.257 in 
RADIATION 
NAS 8-31563, Project No. 508203 
205: T651-  3 in x 3 in (Nom) 
Hod Peened - 50 psi/O. 045 T. R. /SO Sec. 
&ka -3Okv -10ma Nickel Filter (Rigaku) 
C r  -15kv -60ma Vanadium Filter (Fastress) ka 
DEPTH 
mm (mils) 























ORIGINAL THK. 0.256 li: 
NAS 8-31563, Project No. 508203 
2014-T651 - 3 in x 3 in 












































Cuka -3Okv -10ma Nickel Filter (Rigaku) 













































































































































-384.7 (-55.8) -137.9 (-20 I 
-484.0 (-70.2 -158.6 (-23 I 
I --- --- 
-413.0 (59.9) -275.8 (-40 I 
-270.3 (-39.2 -234.4 (-34 li 





ORIGINAL THK. 0.256 in 
NAS 8-31563, Project  No. 508203 
2014-T651 - 3 in x 3 in (Nom) 




























CUko -30kv -10ma Nickel Filter (Rigaku) 






























































































































-526.8 (-76. -1) 
-55.2 (-8) 
-96.5 (-1 1) 
-234.4 (-34) 
(2) < ' r k U  on Iiigaku -30 kv -1Oma - Vanadium I'iltcr 
B-10 
DATA SHEET 
MATE RIA L 
CONDITION 
ORIGINAL THK. 0.256 in. 
NAS 8-31563, Project No. 508203 
2014-T651 - 3 in x 3 in (Nom) 
Rod Peened - 50 psi/O. 070 T. R. /50 See, 
MSFC No. VI11 
RADIATION &ka -3Okv -10ma Nickel Filter (Rigaku) 
Crka -15kv -60nia Vanadium Filter (Fastress) 
7 










































































ORIGINAL THK. O* 245 in 
NAS 8-31563, Project No. 508203 
2219-T87 - 3 in x 3 in (Nom) 














0.127 ( 5 )  
0.127 ( 3 )  
0.152 (6) 
0.152 (6)  
0.178 ( 7 )  




0.330 (13)  
40(i (16) 
0.406 (16) 




&ko -3Okv -10ma Nickel Filter (Rigaku) 
7 




























































































































































-461.7 ( 4 x . 9 )  
-377 .2  (-54.7) 
-260. (i ( -37 .8 )  






















-:<Vi, 1 ( -St i )  
--- 
-3')x. 3 ( - ,?C,)  
--- 
--- 





ORIGINAL 1HK. 0.245 in 
NAS 8-31563, Project No. 508203 
2219-T87 - 3 in x 3 in (Nom) 

















&kc, -3Okv -1Oma Nickel Filter (Rigaku) 























































































































MSFCNo.  I 
) ll = 2.026 
RIGAKU 
MPa (KSi) 
-405.4 (-56. ti) 
-279.2 (-40.5) 
-363.4 (-52. " )  
-207.5 (-30.1) 








-331.0 ( 4 b  
-193. 1 ( - 2 b  
-2oti.9 ( -30 
B-13 
DATA SHEET 
AI ATE RIAL 
COX DIT IOK 
ORIGINAL THK. 0- 2-15 in 
NAS 8-31563, Project No. 508203 
2219-T’87 - 3 in x 3 in (Nom) 
Kod Peened - 35 PsijO. 015 T. P.. / s S  sec 
RADIAT 10s Cuke -30kv -10ma hickel Filter (l’igaku) 
CrkG -15kv -60ma Vanadium Filter (Fastress) 
DEPTH 
mm (mils) 











0 ’ 162.9 
162.3 
















+O.  OOOG 
MSFC KO. I 
~ ~ ~~ 
RIGAKV 
MPa (KSi) 










ORIGINAL THK. 0*2455 in 
NAS 8-31563, Project No. 508203 
2219-T87 3 in x 3 in (Nom) 
Rod Peened - 35 Psi/O. 070 T. R. /50 sec MSFCNo.  X 


































Cuke -3Okv -10ma Nickel Filter (Rigakx) 












































































































































































(1) C r k ~  on Higaku - 30 kv -10 ma - Vanadium Filter 
B-15 
DATA SHEET 
MATE RIA L 
CS; 1DIT ION 
ORIGINAL THK. 0.2455 in 
NAS 8-31563, Project No. 508203 
2219-T87 3 in x 3 in (Nom) 
















Cuka - 3 O h  -10ma Nickel Filter (Rigaku) 






























































































































-235. d (-34.2 
-237.2 (-34.4 
-209. G (-30.4 
-209.6 (-30.4 
-125. *5 (-18.2 
-69. G (-10.1) 
~~ ~ 
FASTRESS 







ORIGIXAL THK. O* 2455 in 
NAS 8-31563, Project No. 508203 
2219-T87 3 in x 3 in (Nom) 





h k o  -3Olm -10ma Nickel Filter (Rigaku) 




























NAS 8-31563, Project No. 508203 
2219-T8T 3 in x 3 in (Kom) 
Rod Peened - 50 Psi/O. 015 T. R./50 sec 





















0.102 (4)  
0.127 (5) 
0.152 (6) 
0.152 ( G \  
0.127 (5) 
0.17s (7) 
178 (7)  












-475.1 (-6%. 9; 
--- 




-279.2 ( -40.5;  
h k Q  - 3 O h  -loma Nickel Filter (Rigaku) 








































































































































MSFC No. TV 
FASTRESS I 3JPa pi) RIGAIW MPa (KSi) 
--- 
-223.4 (-32.4) 







ORIGINAL THK. 0 0 2 ~ 5  in 
NAS 8-31563, Project No. 508203 
2219-T87 3 in x 3 in (Nom) 








-151.7 ( -22 
-312.3 (-45 











1 $92 (43) 
1.219 (48) 
1.346 (53) 
Cuka -3Okv -10ma Nickel Filter (Rigaku) 

































































































































ORIGINAL THK. 0.245 in 
NAS 8-31563, Project No. 508203 
2219-T87 3 in x 3 in (Nom) 
Rod Peened - 50 Psi/O.O45 T.R./50 sec 
RADIATION -3Okv -10ma Nickel Filter (Rigaku) 






















DATA SHEET NAS 8-31565, Project NO. 508203 
MATERIAL 
CONDITION 
2219-T87 - 3 in x 3 in (Nom) 
Rod Peened 50 Psi/O.O70 T.R./50 sec 






a k a  -3Okv -10ma Nickel Filter (Rigah) 























































































































































































MCFC No. VI1 
FASTRESS I MPa (KSI) RIGAKU MPiI (KSi) 
I --- --- 

























NAS 8-31563, Project No. 508203 
2219-T87 - 3 in x 3 in (Nom) 
Rod Peened 50 Psi/O. 070 T.R./50 sec 















h k O  -3Okv -10ma Nickel Filter (Rigaku) 













































































































































ORIGINAL THK. 0.244 in 
NAS 8-31563, Project No. 508203 
2219-T87 - 3 in x 3 in (Nom) 





CUka -3Okv -10ma Nickel Filter (Rigaku) 























DATA SHEET NAS 8-31563, Project No. 508203 
MATERIAL 7075T651 - 3 in x 3 in (Nom) 
CONDITION Rod Peened -35 psi/O. 045 T.R. /50 See. 































MSFC No. 111 
Cuka -3Okv -10ma Nickel Filter (Rigah) 






























































































































































































ORIGINAL THK. 0.2540 in 
NAS 8-31563, Project No. 508203 
7075-T651- 3 in x 3 in (Nom) 
















hlSFC No. 111 
rr 
Cuka -30kv -10ma Nickel Filter (Rigaku) 















































































































































ORIGINAL THK. 0.2535 in 
NAS 8-31563, Project No. 508203 
7075-T651 - 3 in x 3 in (Nom) 




0 (0 )  


























CukQ -3Okv -10ma Nickel Filter (Rigaku) 






































































0.  '3889 
























































































-548.2 (-79. 5) 




























ORIGINAL THK. 0.2535 in 
NAS 8-31563, Project  No. 508203 
7075-T651- 3 in x 3 in (Nom) 
















0.8 4 (34) 
0,940 (27)  
1.01G ( ‘ 3 0 )  
1.092 (43) 
h k a  -3Okv -10lna Nickel Fi l ter  (Rigaku) 

















































































































--- A d  
-0.0049 
-0.0048 
- 0.00 32 
-0.0029 
-0.0036 








-438.5 (43 ,G 
-397.2 (-57. 6 
-3.56. 5 (-51.7 
-306.1 (-44.4 
-226. 2 (-31.8 
-68.3 (-9. !1) 
-226.2 (-31.8 




-Mi. 1 (-*x 




ORIGINAL THK. 0.2535 in 
NAS 8-31563, Project No. 508203 
7075-T651- 3 in x 3 in @om) 






- .219 (48) 
1.346 (53) 
L 
CUko -3Okv -1Oma Nickel Filter (Rig*) 


























MPa ( m i )  
-61.4 (-8.9) 








ORIGINAL THK. 0.2545 in 
NAS 8-31563, Project No.  508203 
7075-T651 - 3 in x 3 in (Nom) 




0 ( 0 )  









0 . 1 5  (5) 
0.127 ( 5 )  
0.152 (ti) 
0.152 (6 )  
0.1i8 (7) 






0.106 ( l b )  




0.533 ( 2 2 )  
a k a  -3Okv -1Oma Nickel Filter ( R i g a )  

























































































































































































-344.8 ( 4 0  
--- 





ORIGINAL THK. 0.2545 in 
NAS 8-31563, Project No. 508203 
7075-Tti51 - 3 in x 3 in (Nom) 
















Cuka -3Ohu -10ma Nickel Filter (Rigaku) 


































































































































-468.9 (-68. 0 













D A i A  SKEET 
XIATE RIAL 
COX DIT ION 
ORIGIXAL THK. 0.2545 in 
XAS 6-21582, Projcct NO. 509203 
7075-T651 - 3 in x 3 in (Nom) 





1. ti00 (63) 
mk0 -3Okv -10ma Kickel Filter (Rig&) 
Crka -15hv -60ma Vanadium Filter (Fastress) 






























ORIGINAL THK. 0.2525 in 
NAS 8-31563, Project No. 508203 
7075-T651 - 3 in x 3 in (Nom) 































Cukp -3OkV -10ma Nickel Filter (Rigaku) 
































































































































































-588. a (-85.4) 























-331. o (-48 
--- 
I 




ORIGINAL THK.O.  2555 in 
NAS 8-31563, Project No. 508203 
Rod Peened 50 psi/O. 070 T. R. /50 Sec. 



















1.0'32 (43)  
Cuka -3Okv -10ma Nickel Filter (Rigaku) 


















































































































































ORIGINAL THK. 0.2525 in 
NAS 8-31563, Project No. 508203 
7075-TG51 - 3 in x 3 in (Nom) 
Rod Peened 50 spi/O. 070 T. R. /50 Sec. 
RADIATION h k a  -3Okv -10ma Nickel Filter (Rigaku) 


















































ORIGINAL THK. 0.255 in 
NAS 8-31563, Project No. 508203 
2014-TG51 - 3 in x 3 in (Nom) - A Specimen 




0 ( 0 )  
(0) 
1) 0 ( 0 )  
(0 )  
(1) 

















Cuka -3Okv -10ma Nickel Filter (Rig&) 


























































































































-42.7 ( - 6 . 2 )  






-310.3 ( 45) 





NAS 8-31563, Project No. 508203 
2014-T651 - 3 in x 3 in (Nom) - B Specimen 
Shot Peened - 0.010 A h 3 0  Shot/35 psi/60 See. /6 in/ 15 RPM 


















-620. 6 (-90' 
Cuka -30kv -10ma Nickel Filter (Rigaku) 











































































































ORIGINAL THK.O.243 in 
NAS 8-31563, Project  No. 508203 
2219-T87 - 3 in x 3 in  (Nom) A Specimen 























(0 )  




( 2  
0.076 (3)  
(3 







0.35(i ( 1 4 )  
(1.1 ) 




h k a  -3Okv -10ma Nickel Filter (Rigaku) 






























































































-600.6 (-87'. 1) 
-293.0 (-42.5) 
-293.0 (-42.5) 
-209. 6 (-30.4) 
















ORIGINAL THK. 0.244 in 
NAS 8-31563, Project No. 508203 
2219-T87 - 3 in x 3 in (Nom) B Specimen 
























hkc, -3Okv -1Oma Nickel Filter (Rigaku) 



















































































































0 (0 ) 






(1) Crku on Rigaku -30 kv -10 ma - Vanadium Filter 
B-38 
DATA SHEET 
111 A TE RIA L 
CONDITION 
ORIGINAL THK. 0.252 in 
NAS 8-31563, Project No. 508203 
7075-T651 - 3 in x 3 in (Nom) A Specimen 




Cuke -3Okv -1Oma Nickel Filter (Rigaku) 









































































































-466.1 ( -67.6 
-50G. 8 (-73.5 
-588.8 (-85.4 
-602.6 (-87.4 















ORIGINAL THK. 0.253 in 
NAS 8-31563, Project  No. 508203 
7075-TG51 - 3 in x 3 in (Nom) B Specimen 
Shot Peened - 0,010 A/330 Shot/2O psi/3 min. / G  in/15 RPM 
RADIATION 
D E P T H  
mm (mils) - 
0 i O j  
(0) 



















0.610 (“I )  
( 24 )  
0.203 (8) 
Cuka -3Okv -10ma Nickel Filter (Rigaku) 





















































































































- 0 . O O O G  
+ 0.  0002 
RIGAKU 






-602. 6 (-87.4) 
-580. 6 (-75.5) 





+27.4 (- 14.0) 
FASTRE SS 








CONDITION As Machine Rod Peened 
ORIGINAL THK. 2.312 in 
NAS 8-31563, Project No. 508203 




0 (0 )  
0.025 (1) 







0.431 ( l 7 )  
iJ.508 ( 2 0 )  
0.58-1 (23 )  
0.660 ( 2 6 )  
Cuka -3Okv -1Oma Nickel Filter (Rigaku) 
















































































































































CONDITION As Machined Rod Peened 
ORIGIXAL THK.2-  312 in 
KAS 8-31563, Project No. 508203 
















1.422 ( 5 6 )  
1.549 (61) 
1. 676 (G6) 
1.803 (71) 
h k a  - 3 O h  -10ma Nickel Filter (Rigaku) 



























































































































KAS 8-31565, Project No. 508203 
7079-T6 Plage (1.1437 in x 2.250 in) (Battom) 
As Rolled and Rod Peened 

















a k 0  -3Okv - 1 h a  Nickel Filter (Rig*) 















































































































































NAS 8-31563, Project Xo. 508203 
7079-Tti Plate (1.1437 in x 2.250 in) (Bottom) 
As Rolled and Rod Peened 












Cuke -3Ohv -10ma Nickel Filter (Rigaku) 

































































































ORIGINAL THK. 2.312 in 
NAS 8-31563, Project NO. 508203 
7079-T6 Plate (1.437 €n x 2.250 In) 3 
As Rolled and Double Peened 
RADIATION Cuke -3Okv -10ma Nickel Filter (Rigah) 








































































































































































MATE RIA L 
CON DIT ION 
ORIGINAL THK. 2.312 in 
NAS 8-31563, Project No,  508203 
7079-T6 Plate (1.437 in x 2,250 in) 3 









Cuke -3Okv -10ma Nickel Filter (Rigaku) 









































+O.  0003 
+ O .  0004 











SET IV DATA 




NAS 8-31563, Project No. 508203 
2014T651-38.1 mm (1.5 in) x 76.2 mm (3 in) 
Rod Peened -172 N/m2 (25 psi)  - 1.145 mm (0.045 in) T . R. - 100 Sec . 















CUko -3Okv -10ma Nickel Filter (Rig*) 


















































































































c - 1  
DATA SHEET NAS 8-31563, Project  No. 508203 MSFC No. 7 
2014-T651-38.1 mm 1.5 in) x 76.2 mm (3 in) MATERIAL 
















h k o  -3Okv -10ma Nickel Filter (Rigaku) 
































































































































2014T651-38.1 mm 1.5 in) x 76.2 mm (3 in) 
Rod Peened -345 N/m (50 psi) -1.778 mm (0.070 in) T.R. -100 Sec. 
















Cuke -3Okv -10ma Nickel Filter (Rigah) 





























































































































201PT651 -38.1 mm (1.5 in) x 76.2 mm (3 in) 
Rod Peened 345 N/m2 (50 psi) -3.048 mm (0.120 in) T.R. 100 Sec. 
















h k a  -30kv -10ma Nickel Filter (Rigaku) 







































































































- 0.00 19 
-0.0021 
+o. 0002 



















CON DIT ION 
ORIGINAL THK, 
NAS 8-31563, Project NO. 508203 
2014-T651-38. l m t n  (1.5 in. ) x 76.2mm (3 in. ) 
Rod Peened 552N/rn2 (80PSI) - 1.778mm (0.070 in. ) T. R. - J 90 SEo 
6.35mm (0.250 in. ) Nom 














aka -3Okv -10ma Nickel FfIter (Rigaku) 





















































































































DATA SHEET NAd 8-31533, Project N o ,  508203 MSFC No. 24 
hlATE RIAL 2014-T351-38. l m m  (1.5 in. ) x 76.2mm (3 in. ) 
CQNDITlON Rod Peened 552N/m2(80PSI) - 3.048mm (0.120 in. ) T. R. - 100 Sec 
ORIGINAL THK. 6.35mm (0.250 in. ) Nom 
RADIATION h k c ,  -3Okv -10m3 Nickel Filter (Rigaku) 




0 (0 )  
0.076 (3) 








































































































































2C%4-T3-38. l m m  (1.5 in. ) x 96.2mm (3 in. ) 
Rod Peened - 241N/m2 (35PSI) - 1.145mm (0.045 in. ) T. R. - 100 Sec 
















1. 651 (65) 
Cuke -301,~ -10ma Nickel Filter (I'rigaku) 























































































































D A l A  SI1EET KAS 8-31563, Project No. 508203 MSFC No. 8 
hl ATE RIAL 
COKDITIOK 
1024-T3-38. l m m  (1.5 in. ) .y 76.2mm (3 in. ) 







0.152 (6)  
0.  “29 (9) 







Cuke -30kv -10nia Nickel Filter (Rigaku) 














































































































-321.3 (-46. G )  
-349. ti (-50.7) 
-377.2 (-54.7) 
-419.2 (-60.8) 




-28.3 (-4- 1) 







ORIGINAL THK. 4.825 mm (0.190 in. ) horn. 
NAS 8-31563, Project No. 508203 
2021-T3-38.1 mm (1.5 in. ) x 76.2 mm (3 in. ) 
Rod Peened 345 N/m2 (50 psi) -1.778 mm (0.070 in. ) T. R. 100 Sec. 











0. $89 (35) 
1.143 (45) 
i.397 ( 5 3 )  
1.651 ( 6 3 )  
Cuke -3Oh -10ma Nickel Filter (Rigaku) 





















































































































-600. 6 (-87.1) 
-502.6 (-73.9) 
-265.5 (-38.5) 




MSFCNo. 21 DATA SHEET 
MATERIAL 
COKDITION 
O R I G ~ A L  THK. 
NAS 8-31563, Project No. 508203 
2023-T3 38.1 mm (1.5 in. ) x 76.2 mm (3 in. ) 
Rod Peened 552 N/m2 (80 psi) -1.778 mm (0.070 in. ) T. k -100 Sec. 
















a k a  -3Okv -10ma Nickel F’ilter (Rigaku) 





































































































































MSFCNo. 10 DATA SHEET 
MATERIAL 2219-T87-38.1 mm (4.5 in.) x 76.2 mm (3 in.) 
CONDITIOX Rod Peened 345 N/m (50 psi) -1.778 mm (0.070 in. ) T. R. -100 sec. 
ORIGINAL THK. 6.35 mm (0.250 in. ) Nom. 
NAS 8-31563, Project No. 508203 
RADIATION &kO -3Okv -10ma Nickel Filter (Rigaku) 



































































































































NAS 8-31563, Project No. 508203 
22197-T87-38.1 mm 1.5 in. ) x 76.2 mm (3 in. ) 
Rod Peened 552 N/m (80 psi) -1.778 mm (0.070 in. ) T. R. -100 Sec. 































CUko -3Okv -10ma Nickel Filter (Rigaku) 
















































































































MSFC No. 22 DATA SHEET 
MATE RIA L 
CONDITIOK 
ORIGINAL THK. 
NAS 8-31563, Project No. 508203 
2219-T87-38.1 mm (1.5 in. ) x 76.2 mm (3 in. ) 
Rod Peened 552 N/m2 (80 psi) -3.048 mm (0.120 in. ) T. R. 100 Sec. 
6.35 mm (0.250 in. ) Nom. 
RIGAKU 
MPa (KSI) 
RAD1 AT ION 
FASTRESS 
MPa (KSi) 
CukQ -3Okv -10ma Nickel F'ilter (Rigaku) 



































































































































+125.5 (+18* 2) 
C-13 




6061-T6-38.1 mm (1.3 h. ) x 76.2 mm (3 in. ) 
Rod Peened -241 N/m (35 psi) -1.145 mm (0.045 in. ) T. R. -100 Sec. 















a k a  -30kv -10ma Nickel Filter (Rigaku) 




























































































































DATA SHEET NAS 8-31563, Project No. 508203 MSFC No. 6 
MATERIAL 6061-TG-38.1 mm (1.5 in.) x 76.2 mm (3 in.) 













1. 1.4:; (-13) 
1,397 (53) 
1. 631 (GS) 
h k Q  -3Okv -10ma Nickel Filter (Rigaku) 













































































0. *. 815 

































-395.1 ( -57.3 
-302.7 (-43.9 










NAS 8-31563, Project  No. 508203 
MSFC No. 13 
6061-T6-38.1 mm (185 in. ) x 76.2 mm (3 in. ) 
Rod Peened 345 N/m (50 psi) -1.778 mm (0.070 in. ) T. R. -100 Sec. 






























CUka -3Okv -10ma Nickel Filter (Rigah)  

























































































































M S F C N o .  3 NAS 8-31563, Project No. 508203 
7075-T6-38.1 mm (1.5 in. ) 



















Cuka -3Okv -10ina Nickel Filter (Rigaku) 





















































































































7075-T6-38.1 mm (1.5 in. ) x 76.2 mm (3 in. ) 
Rod Peened - 345 N/m2 (50 psi) -1.145 mm (0.045 in. ) T. R. -100 Sec. 
DATA SHEET 
MATE RIAL 
C: ONDIT ION 






























Cuka -3Okv -10ma Nickel Filter (Rigaku) 







































































































NAS 8-31563, P ro jec t  No. 508203 
MSFC' No. 14 
7075-TG-38.1 mm (1 5 in. ) x 76.2 mm (3 in. ) 
Hod Peened 345 N/m (50 psi)  -1.778 mm (0.070 in. ) T. It. -100 SCC. 













1.143 (45 )  
1. 3!)7 (55) 
1. 651 (6.5) 
1.905 (75) 
Cuke -3Okv -10ma Nickel Filter (Rigaku) 

























































































































-452.3 (-65. 6 
-424.7 (-61.6 
-466.1 ( 4 7 .  G 
-383.3 (-55. 6 
-Cil(i.  4 (-89.4 
-1.51.0 (-21.9 
-151.0 (-21.3 






MSFCNo,  20 DATA SHEET 
MATERIAL 
CON DIT !ON 
ORIGINAL THK. 
NAS 8-31563, Project No,  508203 
7075-T6-38.1 mm (1 5 in. ) x 76.2 mm (3 in. ) 
Rod Pecned 552 N/m (80 psi) -1.778 mm ;0.070 in, ) T. R. -100 Sec. 














&ko -3Okv -10ma Nickel Filter (Rigaku) 





























































































M P a  @Si) 
c-20 
DATA SHEET NAS 8-31563, Project No,  508203 MSF No. 25 
MATE RIAL 7075-Tti-38. l m m  (1.5 in. ) x 7ti. 2mm (3 in. ) 
CONDITION Rod Peened-552N/MZ (80PSI) 3.048mm (0.120 in. j T. R. . l i ) O  Sec 











1.143 (45 )  
1.397 (5.5) 








































l ( i2 .  (i 
16.). 5 
l(i4.4 




































































DATA SffEET NAS 8-31563, Project No. 508203 MSFC No. 1 
NATE RIAL 7075-T651-38. l m m  (1.5 in . )  .y 76.2mm (3 in.) 
CONDITIOX I?od Peened 172N/m2 (25PSlj -1.145mm (0.045 in. ) T. R. - 100 Sec 










0.635 ( 2 5 ;  
0.889 (35) 
1.143 (45) 
1. 397 (.55) 
1. 6.51 (1;s) 
1.778 (70) 
Cuk2 -3Okv -10ma Nickel Filter (Rig&) 


















































l ( i2 .  3 
161 .2  






































































-369. 6 (-53.6) 
-ti16. 4 (-89.4) 
-657.8 (-95.4) 
-588.8 (-85.4) 
-602. ti (-87.4) 
-630.2 (-91.4) 













NAS 8-31563, Project No. 508203 
7075-T651 -38./mm (1.5 in. ) .y 76.8mm (3 in.)  MSFC No. 11 
Rod Feeucd - 345N/AI:! (50 PSI) - 1.778n;m (0.070 in. ) T. R. - 100 Sec 
Ci.35mm (0.350 in. j ?:wn 
RADIATIOK 











Cuke -3Okv -10ma Nickel Filter i.".ig~k) 



















































































































- 2 4 . 8  (-35.8) 
-246.8 (-35.8) 




c -23  
DATA SHEET NAS 8-31563, Project No.  508203 MSFC No. 18 
MATERIAL 7075-T651-38. lrnm (1.5 in. ) I 76.3mm (3 in. ) 
COX DIT ION Rod Peened 552N/m3 (8OPSI) -1.778mm (0.070 in. ) T. R. - 100 Sec 







0 ( 0 )  
0.076 (3) 






1.143 ( 4 5 )  
1. 39: ( 3 : )  
1. (Gl  ( 0 . 5 )  
CUk4 -3Okv -10ma Nickel Filter (Rigaku) 













































































































--506. 8 (-73.5 
-506.8 (-73.5 
-438.5 (-63. ti 
-561.9 (-81.5 
--348.2 (-79.5 
-205 .5  (-29.8 
-260.6 (-37.8 
-68.3 (-9.9) 




DATA SHEET NAS 8-31563, Projec t  No. 508203 MSFC KO. 23 
MATE RIAL 
CONDITION 
7075-T651 -38.1 mm (1.5 in )  x 76.2 mm (3 in) 
Rod Peened  552 N/m2 (80 psi)  -3.048 mm (0.120 in) T.R. -100 S e c .  














CukO -3Ohc -10ma Nickel Filter (Rigaku) 








































































































-39';. 2 (-57.6) 
-383.4 (-55.6) 
-315.1 (-45. 71 
-438.5 (-63.6' 





FA ST R E SS 
hIPa ( K S i )  
(2-25 
I 
